Abstract. To resolve a series of ecological and environmental problems over the Loess Plateau, the "Grain for
GLASS albedo product has a higher temporal resolution and captures the surface albedo variations better (Liu et 126 al. 2013 ). The 8-day α data were composited to monthly data.
127
The background roughness length (Z0) was calculated following Eq. 
Plateau, we used a gridded observation dataset developed by the National Meteorological Information Centre of 136 the China Meteorological Administration (Zhao et al., 2014 , Table 1 ). The dataset provides monthly surface air 137 temperature and rainfall at a spatial resolution of 0.5 o from 1961 to present and was produced by merging more 138 than 2400 station observations across China using Thin Plate Spline interpolation. The dataset has been widely 139 used to analyse the surface air temperature and rainfall over the Loess Plateau (Sun et al., 2015; Tang et al., 2018) .
140
To facilitate the comparison between simulations and observations, the observation data were bilinearly 141 interpolated to the WRF inner domain grid. 
154
We note land cover change here, rather than revegetation or afforestation, for two reasons. (Fig. 2a, 2c, 2e and 2g) . In addition to the gain of forests (including evergreen needleleaf, 158 evergreen broadleaf, deciduous needleleaf, deciduous broadleaf and mixed forests) and savannas (including 159 woody savannas and savannas), other land cover changes include the expansion of croplands (including croplands observed VEGFRA, LAI and α changes also incorporate other factors including improved agricultural management,
162
climate variability, rising atmospheric CO2 concentration and nitrogen deposition (Li et al., 2017; Piao et al., 163 2015) . As shown in Fig. 3a , 3c, 3e, and 3g, the biogeophysical changes are not strictly limited to the regions 164 undergoing land cover change. For example, the α change mostly occurs over grasslands in northwest (Fig. 3e ),
165
where land cover changes are less intense (Fig 2c) . Overall however, the MCD12Q1 demonstrates a significant 
184
For a pixel to be changed, the forest class was determined by the class of neighbouring forests pixels, considering 185 the adaptation of planted trees to local climate. Using this strategy, forests pixels increased by 164% and croplands most conversions occurring in SLP ( Fig. 2b and 2h ).
188
Second, we constructed the VEGFRA, LAI and α map in line with the land cover map constructed in the first step.
189
For each forests class, we screened out the "dense forests" pixels with 
198
Model internal variability is defined as the difference between realisation members where the only differences are 199 the initial conditions. These differences result from nonlinearities in the model physics and dynamics (Giorgi and 200 Bi, 2000; Christensen et al., 2001) . This means some differences between LC2001 and LC2015 (or LCfutr) will be 201 caused by internal variability in addition to land cover changes (Lorenz et al., 2016; Ge et al., 2019 
251
Increased ET can contribute to the formation of clouds and rainfall, and we therefore examine whether this is the 252 case for the Loess Plateau. The RAIN is composed of convective rainfall (RAINC) calculated by the cumulus 253 convection scheme, and non-convective rainfall (RAINNC) calculated by microphysics scheme in WRF. Thus we 254 separate RAINC and RAINNC changes in addition to the RAIN change in Fig.7 . As for LC2015-LC2001, the change 255 in RAIN is spatially heterogeneous, with an increase of up to 1.2 mm· day -1 in small parts of the northeast and a 256 decrease around -1.0 mm· day -1 along the southeast border of the Loess Plateau (Fig. 7a) . The RAIN change is 257 divided almost evenly between RAINC and RAINNC ( Fig. 7c and 7e) (Fig. 7a and 7b ).
284
Compared with the UDROFF change, the surface runoff (SUROFF) change are mostly small for both LC2015-
285
LC2001 and LCfutr-LC2001 ( Fig. 8a and 8b) . However, the relative change of SUROFF is considerable, especially 286 for the LCfutr-LC2001 case in which SUROFF decreased by 21% for the SLP and 14% for the ELP respectively 287 ( Fig. 6c and 6d) . We also find the upper quartile of the SUROFF change systematically shifts below the 0 mm· day -288 1 value although the SUROFF change are not statistically significant for the LCfutr-LC2001.
289
 3.5 Impacts on soil moisture
290
In addition to the decline in runoff, the soil moisture (SMOIS) of each layer is significantly reduced over the Loess
291
Plateau for LC2015-LC2001 (Fig. 9a, 9c , 9e and 9g) with larger decreases in the middle two layers. The regional 292 mean SMOIS for the SLP decreases by 0.02 m· m -3 (-8%) and 0.03 m· m -3 (-12%) for the second and third layers.
layer moisture (Fig. 9b, 9d, 9f and 9h ). For example, the decrease in regional mean soil moisture of the bottom 295 layer for the SLP varies from -0.01 (or -5%) in LC2015-LC2001 to -0.04 (or -17%) in LCfutr-LC2001.
296
 3.6 Robust identification of rainfall change
297
We found a large variability in changes in RAIN among the twenty members over the SLP and ELP for both 298 LC2015-LC2001 and LCfutr-LC2001. We next examine whether these can be attributed to land cover change. We first 299
show the RAIN change in individual members for LC2015-LC2001 (Fig. 10) . The large variability of RAIN changes 300 among the twenty members occur throughout the study region. Even the increase in RAIN over the northeast Loess 301 Plateau (Fig. 7a) , which is available by comparing multiyear mean RAIN between LC2001 and LC2015, is not 302 consistent for every year. As for the northeast Loess Plateau, the RAIN shows an increase in 8 years (1997, 2001, 303 2003, 2004, 2007, 2010, 2012 and 2015) , decrease in 5 years (1996, 1999, 2006, 2009 and 2014) and negligible 304 changes in other 7 years. This results in a net increase in RAIN over the twenty years, but a different selection of 305 years could show an overall decrease (the result is similar for LCfutr-LC2001, not shown).
306
We note that the pattern of RAIN change in 2001 is very similar to the multiyear averaged one, but with a larger 307 magnitude (cf. Fig. 7a and 10f 
359
We focused on the response of rainfall to revegetation over the Loess Plateau, which is probably the most uncertain 360 of the hydrological components. WRF shows little response of rainfall to the land cover change since the launch 361 of the GFGP. Moreover, the rainfall is weakly affected by further revegetation despite large increase in 362
evapotranspiration. We also demonstrate that the rainfall change is strongly affected by internal variability and a 363 large number of realisations are required before any impact of land cover change on rainfall might be robustly 364 identified. We suggest that some previous studies (Cao et al., 2017; Lv et al., 2019) 
371
We note that our results are likely model dependant as we only used one model. Although we performed high 372 resolution (10 km for the nested domain), the cumulus convection scheme remains necessary which is a further 373 potential source of uncertainty. These factors account for the discrepancy between our result and another model Climate Model. A large ensemble of models, each with a reasonable number of realisations, is needed to build a 376 model independent assessment of the impact of revegetation but this is clearly beyond the scope of this study. water to be sustained, may not be viable. We also recognize that afforestation can help to sequester carbon, 386 mitigate warming and alleviate soil erosion. Therefore whether and how to implement further revegetation should 387 be cautiously determined with the pros and cons of afforestation being carefully weighted for the Loess Plateau.
 5 Conclusions

389
We evaluated how the growing season hydrology of the Loess Plateau is impacted by revegetation since the launch 390 of the "Grain for Green Program", and by further revegetation in the future using the WRF model. We used 391 satellite observations to describe key biophysical parameters including decreased albedo and increased leaf area 392 index and fraction of photosynthetically active radiation. The observed greening trend increased 393 evapotranspiration but because the impact on rainfall was negligible the underground runoff and soil moisture 394 both decreased. Further future revegetation enhanced evapotranspiration, but still had little impact on rainfall.
395
Overall therefore, revegetation over the Loess Plateau leads to higher evapotranspiration, and as a consequence 396 lower water availability for agriculture or other human demands. Considering the negative impact of revegetation 397 on runoff and soil moisture, and the lack of benefits on rainfall, we caution that further revegetation may threaten 398 local water security over the Loess Plateau.
399
Code and data availability. 
603
Forests include evergreen needleleaf, evergreen broadleaf, deciduous needleleaf, deciduous broadleaf and mixed 604 forests (see Table 2 
